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Background: Neighborhood deprivation has been implicated in 
lung cancer but no study has simultaneously analyzed the potential 
effect of neighborhood deprivation on both lung cancer incidence 
and mortality, after adjusting for individual-level socioeconomic fac-
tors, and comorbidities. The aim of this study was to analyze whether 
there is an association between neighborhood deprivation and inci-
dence and mortality rates of lung cancer, beyond individual-level 
characteristics.
Design: The incident and mortality cases of lung cancer were deter-
mined in the entire Swedish population aged over 50 (3.2 million 
individuals) between 2000 and 2010. Multilevel logistic regression 
was used in the analysis with individual-level characteristics (age, 
marital status, family income, education, immigration status, urban/
rural status, mobility, and comorbidities) at the first level and level 
of neighborhood deprivation at the second level. A neighborhood 
deprivation index, constructed from the variables education, income, 
unemployment, and welfare assistance, was used to assess the level 
of neighborhood deprivation.
Results: There was a strong association between level of neighbor-
hood deprivation and incidence and mortality of lung cancer. In the 
fully adjusted model, the odds of lung cancer were 1.27 and 1.32, 
respectively, in the most deprived neighborhood. The between-
neighborhood variance (i.e., the random intercept) was over 1.96 
times the standard error in all models, indicating that there were 
significant differences in incidence and mortality rates of lung can-
cer between neighborhoods.
Conclusions: Results suggest that neighborhood deprivation is asso-
ciated with incident and mortality cases of lung cancer in Sweden, 
independently of individual-level characteristics.
Key Words: Neighborhood deprivation, Lung cancer, Risk factors, 
Sweden.
(J Thorac Oncol. 2015;10: 256–263)
Lung cancer is considered to be one of the major public health challenges, as the most common cancer in terms 
of both incidence and mortality worldwide. Many risks fac-
tors for lung cancer are known, such as tobacco smoking, 
air pollution, and family history. Studies have also shown 
associations between individual-level socioeconomic status 
(SES) and lung cancer risk and survival.1–8 During the first 
decade of this millennium an increasing number of stud-
ies have described the separate influences of individual- and 
neighborhood-level SES on health.9–13 The concept that dis-
ease determinants are in part environmental was described by 
Durkheim over a century ago. He stated that a population is 
more than only the sum of all individuals.14 This concept was 
further developed in Rose’s idea of the importance of distin-
guishing between the causes of individual cases of disease 
within a population, and the causes of differences in the rates 
of disease across populations.15 For example, if people within 
the same neighborhood share the same socioeconomic envi-
ronment, access to healthcare resources, norms settings, and 
lifestyles, they may shape a common level of cardiovascular 
health beyond individual characteristics. Thus, in addition to 
individual-level sociodemographic factors, neighborhood-
level factors may also increase the risk of disease. However, 
only a few studies have documented the potential effects of 
neighborhood-level SES on lung cancer risk.16–19 In a study 
from Taiwan between 2002 and 2007, lung cancer survival 
was significantly associated with low income but only among 
individuals younger than 65 years.14 Neighborhood depriva-
tion, defined by income, had, however, no significant influence 
on lung cancer survival when adjusting for individual income. 
In a Danish study between 2004 and 2008, lung cancer inci-
dence was higher in neighborhoods with high unemploy-
ment rates, independently of individual-level socioeconomic 
factors.15 A Swiss study conducted between 2001 and 2008 
showed hazard ratios of 1.49 of lung cancer mortality in 
neighborhood with the lowest socioeconomic position com-
pared with the highest position.18 The results were adjusted 
for individual-level socioeconomic factors. Moreover, a study 
from the US conducted between 1995 and 2007 showed that 
a decreased survival of non–small-cell lung cancer is associ-
ated with neighborhood deprivation.19 However, some studies 
have found no association between lung cancer survival and 
individual socioeconomic factors.20–22 Moreover, a Swedish 
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study conducted between 1990 and 2004 found no associa-
tion between neighborhood deprivation and lung cancer mor-
tality.23 To the best of our knowledge, no study to date has 
simultaneously analyzed the effect of neighborhood-level SES 
on both lung cancer incidence and mortality, after adjusting 
for individual-level socioeconomic factors and comorbidities, 
such as chronic pulmonary disease (COPD) and alcoholism.
The first aim of this study was to investigate whether 
there is an association between neighborhood deprivation and 
incident and mortality rates of lung cancer between 2000 and 
2010. The second aim was to investigate whether this possible 
difference remains after accounting for individual-level socio 
demographic characteristics, i.e., age, marital status, family 
income, education, immigration status, urban/rural status, 
mobility, and comorbidities (chronic obstructive pulmonary 
disease [COPD], tobacco abuse, and alcoholism or alcohol-
related liver disease).
MATERIALS AND METHODS
The data sources were several national Swedish data reg-
isters, such as the Swedish National Population and Housing 
Census (1960–1990), the Total Population Register, the Multi-
Generation register, the Swedish Cancer Registry (1958–
2010), the Swedish Hospital Discharge Register (1964–2010), 
and the Swedish Out-patient Register (2001–2010), provided 
to us by Statistics Sweden and the National Board of Health 
and Welfare. We used the primary diagnoses for lung cancer 
in the Swedish Cancer Register. Additional linkages were car-
ried out to national census data to obtain individual-level SES, 
occupation, geographical region of residence, to the National 
Registry of Causes of Death (1961–2010) to identify date and 
cause of death, and to the Immigration Registry to identify 
date of emigration. All linkages were performed by the use of 
an individual national identification number that is assigned 
to each person in Sweden for their lifetime. This number 
was replaced by a serial number for each person to provide 
anonymity.
The study period started on January 1, 2000 and pro-
ceeded until first incident of lung cancer, mortality of lung 
cancer, death from any other cause, emigration or the end of 
the study period on December 31, 2010.
Outcome (Dependent) Variable
The outcome (dependent) variable was incident (yes/
no) and mortality (yes/no) cases from lung cancer. The 
unit of observation was individuals. We used the Swedish 
Cancer Registry to identify primary diagnoses of lung can-
cer in the study population during the study period. We then 
linked this information with records in the Cause of Death 
Register to identify deaths among lung cancer patients dur-
ing the same period. All cases of cancer in Sweden must 
be registered in the Swedish Cancer Registry. The com-
pleteness of cancer registration is currently considered 
to be close to 100%. Only primary neoplasms of the lung 
classified according to the 7th revision of the International 
Classification of Diseases (ICD-7) (The Swedish Cancer 
Registry has transferred all the cancer ICD codes into ICD-
7) (codes 162, 163) were studied.
The 10th revisions of the International Classification of 
Diseases (ICD-10 C33 to C34) were used to define the out-
come variable of mortality due to lung cancer in the Cause of 
Death register.
Independent Variables
Independent variables included sex, age at the start of 
the study, marital status, family income, educational attain-
ment, immigration status, geographical region, mobility, 
diagnosis of COPDs, tobacco abuse, and alcoholism or alco-
hol-related liver disease of the subjects.
Sex. Men and women.
Age. Age was greater than or equal to 50 years and was 
divided into 10-year category.
Marital status. Individuals were classified as married/
cohabitating or single.
Family income by quartile. Information on family 
income in 2000 came from the Total Population Register, 
which was provided by Statistics Sweden. We used this infor-
mation to determine the distribution of family incomes in 
Sweden, and then used the distribution to calculate empirical 
quartiles.
Educational attainment. Educational attainment was 
classified as completion of compulsory school or less (less 
than or equal to 9 years), practical high school or some theo-
retical high school (10–12 years), or theoretical high school 
and/or college (greater than 12 years).
Immigration status. (1) Born in Sweden and (2) Born 
Outside Sweden.
Urban/rural status. Individuals were classified as living 
in a large city, a middle-sized town, or a small town/rural area. 
This variable was included because urban/rural status may be 
associated with access to care. Large cities were those with a 
population of greater than or equal to 200,000 (Stockholm, 
Gothenburg and Malmö). Middle-sized towns were towns 
with a population of greater than or equal to 90,000 but less 
than 200,000. Small towns were towns with a population of 
greater than or equal to 27,000 and less than 90,000; rural 
areas were areas with populations smaller than those of small 
towns.
Mobility. Length of time lived in the neighborhood, 
categorized as lived in the neighborhood less than 5 years or 
greater than 5 years.
Comorbidities. COPD and tobacco abuse: Patients’ previ-
ous diagnosis of COPD, which was suspected to be one impor-
tant prognostic factor for lung cancer and used as a surrogate 
of smoking, was identified in the Hospital Registry 10 years 
before the follow-up period and Out-patient Register accord-
ingly (COPD: ICD-91990–1996 = 490–496; ICD-10 1997–
2010 = J40–J49. The same approach was used to identify tobacco 
abuse: ICD-9 = 305.1, 292.0, 292.1, 292.2, 292.8, 292.9, V15.8, 
V65.3, V65.8; ICD-10 = F17, T65.2, Z71.6, Z72.0). Patients’ 
COPD and tobacco abuse in the patient Registries was individ-
ually linked to their lung cancer status using a serial number. 
Alcoholism and alcohol-related liver disease was identified in 
the Hospital Registry and Out-patient Register according to the 
International Classification of Diseases codes (ICD-9 = 291, 
303, 571; ICD-10 = F10 and K70).
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Neighborhood deprivation index. A summary measure 
was used to characterize neighborhood-level deprivation. We 
identified deprivation indicators used by past studies to char-
acterize neighborhood environments and then used a principal 
components analysis to select deprivation indicators in the 
Swedish national database. The following four variables were 
selected for those aged 25–74: low educational status (less 
than 10 years of formal education), low income (income from 
all sources, including that from interest and dividends, defined 
as less than 50% of individual median income)24, unemploy-
ment (not employed, excluding full-time students, those com-
pleting compulsory military service, and early retirees), and 
social welfare assistance. Each of the four variables loaded 
on the first principal component with similar loadings (+0.47 
to +0.53) and explained 52% of the variation between these 
variables.
A z score was calculated for each small area market 
statistics neigh borhood. Small area market statistics are geo-
graphic units covering all Sweden with homogenous types of 
buildings. The z scores, weighted by the coefficients for the 
eigenvectors, were then summed to create the index.25 The 
index was categorized into three groups: below one standard 
deviation (SD) from the mean (low deprivation), above one 
SD from the mean (high deprivation), and within one SD of 
the mean (moderate deprivation). Higher scores reflect more 
deprived neighborhoods.
Statistical Analysis
Age-standardized incidence and mortality rates were 
calculated by direct age standardization using 10-year age 
groups specific to women or men, with the entire Swedish 
population of women or men in 2000 as the standard popu-
lation. Multilevel (hierarchical) logistic regression models 
were calculated based on incidence proportions or mortality 
proportions (cumulative incidence or cumulative mortality) 
of lung cancer (yes/no). The analyses were performed using 
MLwiN, version 2.27. First, a neighborhood model was cal-
culated that included only neighborhood-level deprivation to 
determine the crude odds of lung cancer incidence and mor-
tality by level of neighborhood deprivation (model 1). Next, a 
model that included neighborhood-level deprivation and sex, 
age (model 2) and the rest of the individual-level sociodemo-
graphic variables, added simultaneously to the model (model 
3), was calculated. Finally, a full model was calculated that 
also included comorbidities (model 4). These full models 
tested whether neighborhood-level deprivation was signifi-
cantly associated with lung cancer incidence and mortality 
after adjusting for the sociodemographic characteristics and 
comorbidities, and whether there were differential effects of 
neighborhood-level deprivation on lung cancer incidence and 
mortality across sociodemographic characteristics.26
To check whether collinearity was a problem, we exam-
ined the correlation between the included variables. There was 
a low degree of correlation between the included variables in 
the models (0.4 or lower). The correlation between the neigh-
borhood variables and the other socioeconomic factors was 
less than 0.3. The highest correlation was observed between 
individual income and individual education (r = 0.4).
Random effects. The between-neighborhood variance 
was estimated both with and without a random intercept. It 
was regarded as significant if it was larger than 1.96 times 
the standard error, indicating that there were significant differ-
ences in incident and mortality rates of lung cancer between 
neighborhoods. This is in accord with the precedent set in 
previous studies.12,27,28 The choice of 1.96 was based on the 
normal curve where 95% of the area under a normal curve lies 
within 1.96 SDs of the mean.29
For comparison, we also calculated Cox regression 
models and logistic regression models using the SAS statisti-
cal package (version 9.3; SAS Institute, Cary, NC).
Ethical Considerations
This study was approved by the Ethics Committee of 
Lund University, Sweden.
RESULTS
Table 1 shows population sizes and characteristics in 
the year 2000 by neighborhood-level deprivation. The total 
number of neighborhoods was 8361. Of the total population, 
23%, 61%, and 16% lived in low, moderate, and high-depri-
vation neighborhoods, respectively. During the study period 
from January 1, 2000 to December 31, 2010, 33,704 (1.7%) 
of individuals were diagnosed with lung cancer, and 31,287 
died due to lung cancer. Age-adjusted lung cancer incidence 
rates increased from 9.2 per 1000 in neighborhoods with low 
deprivation to 10.4 per 1000 in neighborhoods with moder-
ate deprivation and 13.3 per 1000 in neighborhoods with high 
deprivation. The mortality rate of lung cancer was 8.1, 9.6, and 
13.0 per 1000, respectively. There were more men than women 
with lung cancer in the study population. A similar pattern 
of higher incidence and mortality rates with each increasing 
level of neighborhood-level deprivation was observed across 
all individual-level sociodemographic categories and comor-
bidities. All categories showed a gradient effect across level of 
neighborhood deprivation.
The odds ratio (OR) of lung cancer incidence for indi-
viduals living in a high versus low deprivation neighborhood 
was 1.45 (1.39–1.50) in the crude neighborhood-level model 
(Table 2). Neighborhood-level deprivation remained signifi-
cantly associated with lung cancer incidence after adjusting 
for the individual-level sociodemographic variables and 
comorbidities (OR = 1.27; 95% confidence interval [CI]: 
1.22–1.32). The highest odds of lung cancer incidence were 
found for individuals who were men, immigrants, had the low-
est educational attainments, high mobility, or were affected 
with comorbidities. Individuals living in middle-sized towns 
or in small towns and rural areas had lower odds of lung can-
cer morbidity. Interestingly, individuals with middle-level 
family income had higher ORs.
The OR of mortality due to lung cancer for individu-
als living in high versus low deprivation neighborhoods was 
1.60 (1.54–1.67) in the crude neighborhood-level model 
(Table 3). Neighborhood-level deprivation remained sig-
nificantly associated with lung cancer mortality after adjust-
ing for the individual-level sociodemographic variables and 
comorbidities (OR = 1.32; 95% CI: 1.27–1.38). The highest 
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TABLE 1.  Distribution of Population, Number of Lung Cancer Events, and Age-Standardized Incidence (per 1000) and 
Mortality by Neighborhood-Level Deprivation
Population
Lung Cancer Events Mortality of Lung Cancer
Lung 
Cancer  
Events
Incidence Rates by  
Neighborhood Deprivation
Mortality  
of Lung 
Cancer
Morality Rate of Lung Cancer  
by Neighborhood Deprivation
No. (%) No. % Low Moderate High No. % Low Moderate High
Total population (%) 3,189,966 721,772 
(23%)
 1,957,595 
(61%)
510,599 
(16%)
721,772 
(23%)
 1,957,595 
(61%)
510,599 
(16%)
Total lung cancer events 33,704 9.2 10.4 13.3 31,287 8.1 9.6 13.0
Sex
  Male 1,484,372 46.5 18,614 55.2 10.6 12.3 16.0 17,256 55.2 9.5 11.7 15.6
  Female 1,705,594 53.5 15,090 44.8 8.0 8.8 11.2 14,031 44.8 7.0 8.0 11.0
Age (years)
  50–59 1,227,614 38.5 9523 28.3 6.2 7.7 10.9 7538 24.1 4.6 6.0 9.3
  60–69 816,845 25.6 12,010 35.6 12.0 14.7 18.6 10,138 32.4 9.6 12.3 16.6
  70–79 696,612 21.8 9945 29.5 14.3 13.6 16.6 10,264 32.8 13.8 14.2 17.5
  80–89 384,662 12.1 2163 6.4 6.6 5.4 5.5 3199 10.2 9.5 7.9 8.8
  ≥90 64,233 2.0 63 0.2 1.3 0.9 0.8 148 0.5 3.5 2.1 1.9
Family income
  Low income 797,795 25.0 7989 23.7 10.1 10.1 13.0 8224 26.3 9.4 9.7 12.5
  Middle–low income 797,963 25.0 9965 29.6 9.9 11.8 14.7 9756 31.2 9.0 11.2 14.7
  Middle–high income 797,899 25.0 8958 26.6 9.9 11.1 13.7 7839 25.1 8.6 10.3 13.4
  High income 796,309 25.0 6792 20.2 8.2 8.9 11.8 5468 17.5 7.0 7.9 11.0
Marital status
  Married/cohabiting 1,837,019 57.6 18,931 56.2 9.0 10.1 12.5 16,755 53.6 7.8 9.2 12.0
  Never married, Widowed, 
or divorced
1,352,947 42.4 14,773 43.8 10.0 11.4 14.4 14,532 46.4 9.1 10.8 14.2
Immigrant status
  Sweden 2,837,342 88.9 29,053 86.2 9.1 10.1 13.0 27,059 86.5 8.0 9.4 12.7
  Other countries 352,624 11.1 4651 13.8 9.9 12.7 14.7 4228 13.5 8.8 11.9 14.4
Educational attainment
  ≤9 years 1,733,209 54.3 19,983 59.3 11.4 11.6 14.1 20,035 64.0 10.2 10.8 13.7
  10–12 years 931,641 29.2 10,228 30.3 9.2 10.0 12.9 8473 27.1 7.4 8.6 12.2
  >12 years 525,116 16.5 3493 10.4 6.4 7.2 9.4 2779 8.9 5.0 6.2 8.0
Urban/rural status
  Large cities 1,521,470 47.7 17,494 51.9 9.6 11.6 15.1 16,099 51.5 8.4 10.6 14.8
  Middle-sized towns 1,113,363 34.9 11,474 34.0 9.0 10.0 13.1 10,722 34.3 7.9 9.4 12.4
  Small towns/rural areas 555,133 17.4 4736 14.1 6.8 8.5 9.5 4466 14.3 6.3 7.9 9.6
Move
  Not moved 2,715,639 85.1 28,360 84.1 9.2 10.2 13.0 26,395 84.4 8.1 9.4 12.7
  Moved 474,327 14.9 5344 15.9 8.9 11.5 14.7 4892 15.6 7.9 10.7 13.9
Chronic lower respiratory disease
  No 2,978,654 93.4 26,528 78.7 7.9 8.8 11.0 24,909 79.6 7.0 8.3 10.8
  Yes 211,312 6.6 7176 21.3 30.2 32.4 39.9 6378 20.4 23.5 27.2 36.7
Alcoholism and related liver disease
  No 3,111,900 97.6 32,260 95.7 9.0 10.2 13.0 29,948 95.7 7.9 9.5 12.6
  Yes 78,066 2.4 1444 4.3 15.0 16.5 20.6 1339 4.3 14.8 15.9 20.7
Tobacco abuse
  No 3,188,197 99.9 33,656 99.9 9.1 10.4 13.3 31,254 99.9 8.1 9.6 13.0
  Yes 1769 0.1 48 0.1 20.2 25.9 22.8 33 0.1 14.3 17.6 15.2
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odds of mortality were found for individuals who were men, 
never married, widowed, or divorced, immigrants, those who 
had a middle-level family income, had the lowest educational 
attainment, or were affected with comorbidities. Individuals 
living in middle-sized towns or in small towns and rural areas 
had decreased odds of mortality.
We performed an additional analysis using logistic 
regression models and the results were almost identical. In the 
full model, the OR was 1.28 (95% CI: 1.23–1.32) for lung 
cancer incidence and 1.33 (95% CI: 1.28–1.38) for mortal-
ity due to lung cancer for individuals living in the most 
deprived neighborhoods compared with those living in the 
least deprived neighborhoods (Supplementary Tables 1 and 
2, Supplementary Digital Content, http://links.lww.com/JTO/
A747). We also performed an additional analysis using Cox 
regression models. In the full model, the hazard ratios were 
1.29 (95% CI: 1.25–1.34) for lung cancer incidence and 1.35 
(95% CI: 1.30–1.40) for mortality due to lung cancer among 
individuals living in the most deprived neighborhoods com-
pared with those living in the least deprived neighborhoods 
(Supplementary Tables 3 and 4, Supplementary Digital 
Content, http://links.lww.com/JTO/A747).
The test for cross-level interactions between the individ-
ual sociodemographic variables and neighborhood deprivation 
on odds of lung cancer incidence and mortality showed no 
meaningful cross-level interactions or effect modification.
The between-neighborhood variance (i.e., the random 
intercept) was over 1.96 times the standard error in all models, 
indicating that there were significant differences in incident 
and mortality rates of lung cancer between neighborhoods, 
after accounting for the sociodemographic and comorbidity 
variables. The neighborhood-level variable explained 25% of 
the incidence and 33% of the mortality in the between-neigh-
borhood variance estimates (Tables 2, 23). After inclusion of 
all the independent variables, the explained variance was 58% 
and 66%, respectively.
DISCUSSION
The main findings of this study are that the odds of both 
incident and mortality rates of lung cancer are higher among 
individuals living in deprived neighborhoods than among 
individuals living in affluent neighborhoods. This difference 
remained significant, after adjustment for the individual-
level sociodemographic variables and comorbidities (COPD, 
tobacco abuse, and alcoholism). This study represents a 
novel contribution to previous neighborhood studies on inci-
dent16,18 and mortality17,19,23 cases of lung cancer. No previous 
neighborhood study has, however, studied both incident and 
TABLE 2.  OR and 95% CI for Childhood Obesity; Results of Multilevel Logistic Regression Models
Model 1 Model 2 Model 3 Model 4
p ValueOR 95% CI OR 95% CI OR 95% CI OR 95% CI
Neighborhood-level variable (ref. low)
  Moderate 1.13 1.10 1.17 1.13 1.09 1.16 1.08 1.05 1.12 1.08 1.04 1.11 <0.001
  High 1.45 1.39 1.50 1.44 1.38 1.50 1.31 1.26 1.36 1.27 1.22 1.32 <0.001
Age 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.003
Sex, men (ref. women) 1.44 1.41 1.48 1.46 1.43 1.49 1.44 1.41 1.47 <0.001
Family income (ref. high income)
  Middle–high income 1.23 1.19 1.27 1.19 1.15 1.23 <0.001
  Middle–low income 1.32 1.27 1.36 1.24 1.20 1.28 <0.001
  Low income 1.04 1.00 1.07 1.00 0.96 1.04 0.920
Marital status (ref. married/cohabiting)
  Never married, widowed, or divorced 1.04 1.02 1.06 1.01 0.98 1.03 0.689
Immigrant status (ref. born in Sweden) 1.20 1.16 1.24 1.18 1.14 1.22 <0.001
Education attainment (ref. > 12 years)
  ≤9 years 1.66 1.59 1.72 1.59 1.53 1.66 <0.001
  10–12 years 1.57 1.51 1.63 1.51 1.46 1.57 <0.001
Urban/rural status (ref. large cities)
  Middle-sized towns 0.87 0.85 0.90 0.90 0.88 0.93 <0.001
  Small towns/rural areas 0.72 0.69 0.74 0.74 0.72 0.77 <0.001
Mobility (ref. not moved) 1.05 1.02 1.09 1.03 1.00 1.06 0.057
Chronic lower respiratory disease (ref. No) 3.69 3.59 3.79 <0.001
Alcoholism and related liver disease (ref. No) 1.30 1.23 1.38 <0.001
Tobacco abuse (ref. No) 1.76 1.32 2.35 <0.001
Variance (SE) 0.057 (0.004) 0.060 (0.004) 0.039(0.004) 0.034 (0.004)
Explained variance (%) 25 21 50 58
Model 1: crude model. Model 2: adjusted for age and sex. Model 3: adjusted for age, sex, family income, marital status, country of birth, education, region of residence, and 
mobility. Model 4: adjusted for age, sex, family income, marital status, country of birth, education, region of residence, mobility, and comorbidities.
OR, odds ratio; CI, confidence interval.
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mortality cases of lung cancer.16–19,23 In addition, to the best 
of our knowledge, no previous large-scale study has adjusted 
for smoking. This study was also unable to do so, although 
we adjusted for COPD, tobacco abuse, and alcoholism, in an 
attempt to adjust for potential surrogates for smoking. One 
previous Swedish study was based on data between 1990 and 
2004 and it only included mortality cases and not incident 
cases of lung cancer. This study covers a more recent time 
period (2000–2010), and it shows that neighborhood depriva-
tion, even after adjustment for individual-level characteristics 
and comorbidities, is associated with incident and mortality 
cases of lung cancer.
Individual-level sociodemographic measures of socio-
economic inequality5,7,30 and education1,4,6 have been reported 
to be associated with lung cancer. However, the causal path-
ways between neighborhood socioeconomic deprivation and 
poor health outcomes are not fully understood; several pos-
sible mechanisms could thus lie behind our findings. One pos-
sible mediator could be psychological stress31,32 due to littered 
and unsafe environments, vandalism, isolation/alienation, and 
violent crime33 in deprived neighborhoods. Psychological 
stress could be harmful in itself as well as lead to harmful 
smoking habits. Data suggest that hyperactivity of the sym-
pathetic branch of the autonomic nervous system caused by 
chronic psychological stress or chronic exposure to nicotinic 
agonists in cigarette smoke may contribute to the development 
and progression of non–small-lung cancer.34 A clinical study 
has also reported improved survival outcomes with the inci-
dental use of β-blockers among patients with non–small-lung 
cancer,35 which suppresses the sympathetic branch of the auto-
nomic nervous system.
It is possible that the lack of safe environments reduces 
the possibility to exercise, which aggravates a healthy life 
style. In addition socio-cultural norms regarding smoking 
and physical activity could vary between neighborhoods and 
affect the health of the residents and the risk for lung cancer. 
For example, studies show that environmental risk factors, 
such as neighborhood income,16 neighborhood education,19 
and neighborhood unemployment17 are associated with lung 
cancer. Studies have also found associations between neigh-
borhood deprivation and exposure to air pollution,36 smok-
ing,37,38 and increased lung cancer mortality.39
Living in deprived neighborhoods can cause isolation 
from health-promoting milieus (e.g., safe places to exercise 
and decent housing) and services. In comparisons of wealthy 
nations, associations between neighborhood characteristics 
and different health outcomes were inconsistent.40 This implies 
that neighborhood determinants of health are complex. Such 
TABLE 3.  OR and 95% CI for Mortality of Lung Cancer; Results of Multilevel Logistic Regression Models
Model 1 Model 2 Model 3 Model 4
p ValueOR 95% CI OR 95% CI OR 95% CI OR 95% CI
Neighborhood-level variable (ref. low)
  Moderate 1.19 1.15 1.23 1.16 1.12 1.20 1.09 1.06 1.13 1.09 1.05 1.12 <0.001
  High 1.60 1.54 1.67 1.55 1.49 1.62 1.36 1.31 1.42 1.32 1.27 1.38 <0.001
Age 1.02 1.01 1.02 1.01 1.01 1.01 1.01 1.01 1.01 <0.001
Sex, men (ref. women) 1.49 1.45 1.52 1.53 1.49 1.56 1.49 1.46 1.53 <0.001
Family income (ref. high income)
  Middle–high income 1.30 1.25 1.35 1.26 1.22 1.31 <0.001
  Middle–low income 1.44 1.39 1.49 1.36 1.31 1.41 <0.001
  Low income 1.16 1.12 1.21 1.12 1.08 1.17 <0.001
Marital status (ref. married/co-habiting)
  Never married, widowed, or divorced 1.10 1.08 1.13 1.07 1.04 1.09 <0.001
Immigrant status (ref. born in Sweden) 1.20 1.16 1.24 1.18 1.14 1.22 <0.001
Education attainment (ref. > 12 years)
  ≤9 years 1.75 1.67 1.83 1.68 1.60 1.75 <0.001
  10–12 years 1.57 1.51 1.64 1.52 1.46 1.59 <0.001
Urban/rural status (ref. large cities)
  Middle-sized towns 0.88 0.86 0.91 0.91 0.88 0.93 <0.001
  Small towns/rural areas 0.73 0.70 0.76 0.75 0.73 0.78 <0.001
Mobility (ref. not moved) 1.05 1.02 1.09 1.03 1.00 1.06 0.072
Chronic lower respiratory disease (ref. No) 3.31 3.22 3.41 <0.001
Alcoholism and related liver disease (ref. No) 1.38 1.30 1.46 <0.001
Tobacco abuse (ref. No) 1.41 1.00 2.00 0.057
Variance (SE) 0.057 (0.005) 0.057 (0.005) 0.035(0.004) 0.030 (0.004)
Explained variance (%) 33 33 59 66
Model 1: crude model. Model 2: adjusted for age and sex. Model 3: adjusted for age, sex, family income, marital status, country of birth, education, region of residence, and 
mobility. Model 4: adjusted for age, sex, family income, marital status, country of birth, education, region of residence, mobility, and comorbidities. 
OR, odds ratio; CI, confidence interval.
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determinants may include access to health care, education, 
and social services. Access to these services is uneven in the 
US, where the effects of income inequalities on health are 
more pronounced.41 For example, higher primary health care 
provider density was associated with lower risks of lung can-
cer mortality.42
Neighborhood-level inequities include unequal access 
to and quality of primary and secondary health care ser-
vices.43 In Sweden, medical care is provided to all perma-
nent residents, and primary health care clinics and hospitals 
are equally distributed and located centrally in all types of 
neighborhoods.43 However, the actual number of health care 
professionals working in primary health care clinics can vary 
considerably by neighborhood type. This is due to difficulties 
in recruiting and retaining health care personnel in high-depri-
vation neighborhoods.19,44 The uneven distribution of medical 
personnel across neighborhoods has also been documented in 
UK,45 another country with universal health care.
Our study has some limitations. The most important 
one is the lack of smoking data; smoking might be a mediator 
between neighborhood deprivation and lung cancer. However, 
we adjusted for COPD, tobacco abuse, and alcoholism in an 
attempt to adjust for potential surrogates for smoking. We also 
adjusted for certain individual-level sociodemographic vari-
ables, such as income, education, marital status, and country 
of birth, which are strongly related to smoking, to minimize 
this potential confounder. Despite this, residual confounding 
is likely to exist. Previously published neighborhood stud-
ies were, however, also unable to adjust for smoking.16–19,23 
Those studies did, however, not adjust for COPD, tobacco 
abuse, and alcoholism. In studies of neighborhood effects on 
health, selective residential mobility can cause compositional 
neighborhood differences. Selective residential mobility is 
the tendency of individuals to move to neighborhoods whose 
characteristics match their individual characteristics (for 
example, the tendency of individuals with low SES to move 
to low SES neighborhoods). However, we adjusted for fam-
ily income, which improved our possibilities to differentiate 
between compositional and contextual effects on lung cancer 
incidence and mortality.
There are a number of strengths in this study. The large 
cohort included practically all patients with lung cancer (50 
years and older) in Sweden during the study period. This is 
due to the high coverage and validity of the Swedish cancer 
registry,46,47 which increases the generalizability of our results. 
Another strength is the use of personal identification num-
bers, which made it possible to include individuals in different 
registers, such as the Immigration Register, which permitted 
calculation of exact risk times.48,49 Second, the Swedish Total 
Population Register is highly complete, with very few missing 
data. For example, data for income were 99.4% complete.50 
Finally, the use of multilevel modeling helped us to separate 
neighborhood- and individual-level effects and allowed us to 
consider both fixed and random effects in the analyses.
CONCLUSIONS
Neighborhood deprivation contributes to lung 
cancer incidence and mortality. The individual- and 
neighborhood-level variables cumulatively load against indi-
viduals so that the most at-risk individuals would be those 
who have both individual- and neighborhood-level risk fac-
tors. These findings raise important clinical and public health 
concerns, and indicate that both individual- and neighbor-
hood-level approaches are important in health care policies.
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